Abstract Immunotherapy has been investigated in a small subset of peripheral neuropathies, including an acute one, Guillain-Barré syndrome, and 3 chronic forms: chronic inflammatory demyelinating polyradiculoneuropathy, multifocal motor neuropathy, and neuropathy associated with IgM anti-myelin-associated glycoprotein. Several experimental studies and clinical data are strongly suggestive of an immune-mediated pathogenesis. Either cell-mediated mechanisms or antibody responses to Schwann cell, compact myelin, or nodal antigens are considered to act together in an aberrant immune response to cause damage to peripheral nerves. Immunomodulatory treatments used in these neuropathies aim to act at various steps of this pathogenic process. However, there are many phenotypic variants and, consequently, there is a significant difference in the response to immunotherapy between these neuropathies, as well as a need to improve our knowledge and long-term management of chronic forms.
Background
Immunotherapy has investigated over the last few years with regard to a small subset of peripheral neuropathies classed as autoimmune diseases, that is, neuropathies in which an aberrant immune response is directed to components of the peripheral nervous system, leading to demyelination and sometimes axonal damage. The spectrum of these immune-mediated neuropathies mainly encompasses an acute one, Guillain-Barré syndrome (GBS), and 3 chronic forms, namely chronic inflammatory demyelinating polyradiculoneuropathy (CIDP), multifocal motor neuropathy (MMN), and distal acquired demyelinating symmetric neuropathy associated with IgM antimyelin-associated glycoprotein (MAG) (anti-MAG neuropathy). GBS was firstly reported almost 100 years ago [1] , while CIDP, MMN, and anti-MAG neuropathy have been progressively identified since 1958, followed by characterization of clinical, electrophysiological, pathological, and immunological features [2] . In the same way, animal models have been elegantly produced by several researchers, and immune therapies have firstly been used in GBS [3] , followed by CIDP [4] , and more recently in MMN and anti-MAG neuropathy [5, 6] . Even though the exact mechanisms underlying the development of immunopathology remain unknown, immunemediated neuropathies are considered treatable. The main issue for immunotherapy is the great variability in clinical presentation and course of these diseases, together with the different responses to treatment according to the clinical phenotypes. In the same vein, new subsets have been recently reported in the spectrum of CIDP, which may lead to different treatment options [7, 8] .
In this review, we discuss different issues in the management of immune-mediated neuropathies, and give an update on current treatment options, in providing the best strategies in short-and long-term therapy.
GBS
Onset of GBS typically includes numbness, paresthesia, and weakness in the limbs. The main features of GBS are its rapid progression with bilateral and relatively symmetric weakness of the limbs with or without involvement of respiratory or cranial nerves. Maximal weakness is achieved within 4 weeks but most patients reach maximal involvement within 2 weeks. Patients then have a plateau phase of variable duration from days to several weeks or months. This phase is followed by a recovery phase, which extends over weeks to months. Despite immunotherapy, about 20 % of the "severely affected" patients remain unable to walk independently after 6 months. Moreover, many patients remain disabled, with motor or sensory persistent deficit, pain, or severe fatigue [9, 10] . GBS often remains a severe disease for which better treatment is required, at least in a subgroup of patients [11] .
Plasma exchanges (PLEX) was first shown to be efficacious in GBS when given within the first 4 weeks from onset; however, it is more beneficial when applied within the first 2 weeks [12] . A second randomized controlled trial (RCT) found that 2 PLEX treatments are more effective than no PLEX in mildly affected patients (i.e., those that are able to walk) [13] . The first RCT with intravenous immunoglobulin (IVIG) was published in 1992 and demonstrated that IVIG given at 0.4 g/kg bodyweight/day for 5 consecutive days was as effective as PLEX [14] . A Cochrane review on the use of IVIG in GBS showed that there was no difference between IVIG and PLEX with respect to the improvement in disability grade after 4 weeks, the duration of mechanical ventilation, mortality, and residual disability [15] . In addition, in another RCT, the combination of PLEX followed by IVIG was not significantly better than PLEX or IVIG alone [16] . An interesting issue is the inefficacy of steroids in GBS, even when given as part of an IV regimen (IV methylprednisolone) in combination with IVIG [17] .
Several issues remain unknown: 1) the appropriate treatment for patients presenting with various grades of disability, mainly mildly affected patients; 2) the appropriate treatment for patients who deteriorate after a first course of PLEX/IVIG; 3) the appropriate treatment in patients who deteriorate after initial improvement or stabilization following IVIG therapy, a condition known as "treatment-related clinical fluctuation"; 4) the distinction between patients with GBS with treatmentrelated clinical fluctuation and patients with acute-onset CIDP [18] . To try to answer to some of these points, the International GBS Outcome Study is a worldwide prospective outcome study that will recruit and follow 1000-1500 patients with GBS. It is likely that a wealth of new information on GBS will be available in the coming years. A key point is to identify patients with a poor prognosis; scales have been created to do this, including the Erasmus GBS Respiratory Insufficiency Scale, which evaluates the need for artificial ventilation at admission, and the Erasmus GBS Outcome Scale, which has been constructed and validated to determine outcome at 6 months [19] . In addition, it has been shown that a larger increase in serum IgG levels, 2 weeks after starting the first IVIG course, is associated with a better outcome [20] . Recently, some experts, under the umbrella of the Inflammatory Neuropathy Consortium, a special interest group of the Peripheral Nerve Society (PNS), aimed to explore the utility of a second IVIG infusion in patients who do not respond to a first IVIG infusion. An ongoing RCT (SID-GBS) is currently studying the effect of a second dose of IVIG given shortly after the first IVIG course only in patients with GBS with a poor prognosis, measured by the modified Erasmus GBS Outcome Scale. An international observational study on the effect of a second dose of IVIG in patients with GBS with a poor prognosis (I-SID-GBS) has just started.
CIDP
CIDP was first identified in 1958 [21] . During the 1970s increasingly large series of patients were published, notably by Dyck et al. [22] at the Mayo Clinic. It is the most common treatable neuropathy worldwide [4, [23] [24] [25] , with a prevalence ranging from 2.0-3.0 to 8.9 per 100,000 people [26] . In a recently reported epidemiological study, mean age of onset was 57.7 years, prevalence increased with age and reached a maximum in the 70-79-year age group [27] . CIDP is believed to have an autoimmune etiology. However, the criteria for diagnosis are often vague, and there are no specific or reliable biomarkers to aid in establishing the diagnosis. In 1991, a first attempt to diagnose CIDP was based on clinical, electrophysiological, pathological, and cerebrospinal fluid features [28] . The more frequently used guideline for CIDP was revised in 2010, and proposed new criteria for diagnosis [29] . The validity of these criteria was established in a comparative study [30] . The usual clinical picture consists of symmetrical motor weakness in the proximal and distal muscles of the 4 extremities for at least 2 months, sensory involvement predominantly in large myelinated fibers, and hypo-or areflexia. Electrophysiological investigations show demyelinating features, that is, slowed motor nerve conduction velocities, prolongation of motor distal latencies, absence or prolongation of F-waves, and conduction blocks (CB) on motor nerves. In addition, supportive criteria obtained from cerebrospinal fluid examination and magnetic resonance imaging of the peripheral nerve roots may be helpful for diagnosis.
The presence on nerve biopsies of "onion bulb" formations, perivascular inflammatory infiltrates, and patterns of demyelination/remyelination are hallmarks of CIDP. The mechanisms that lead to demyelination of peripheral nerves are poorly understood but are believed to be mediated by both cellular and humoral immune factors. No clear correlation has yet been demonstrated between CIDP and specific serum autoantibodies, although antiganglioside antibodies and antimyelin antibodies are found in a proportion of patients. Recent challenges have focused on finding new serological biomarkers for CIDP. Antibodies binding to contactin-1 and contactin-associated protein 1 (CNTN1/CASPR) seem to correlate with older age and more aggressive onset, predominantly motor involvement with early secondary axonal degeneration and poor response to IVIG [31] . Similarly, patients with autoantibodies binding to neurofascin 155 of the IgG4 isotype could constitute a specific subgroup with severe deficit, poor response to IVIG, and disabling tremor [32] .However, overall these antibodies have been found in a very small proportion in patients.
CIDP has an unpredictable course, although the majority of patients have a severe motor, sensory, or sensorimotor disabling status after several years. In a recent population-based study, the nadir overall neuropathy limitation scale score was 5, and 58 % of patients were unable to walk independently at some points of their illness [27] . In one of the largest reported studies between 3 % and 7 % of patients died during follow-up [33] .
Based on consensus expert opinion, diagnosis of CIDP leads to typical CIDP being distinguished from other atypical presentations, including sensory CIDP [34, 35] , multifocal acquired demyelinating sensory and motor neuropathy [36, 37] , and distal acquired demyelinating symmetric neuropathy [38, 39] . Although there may be overlap between these presentations, this distinction seems appropriate as response to treatment may differ among each presentation, favoring the hypothesis that different pathogenic mechanisms may underlie the heterogeneity of CIDP [24, 25] .
We will now consider first-line therapy of CIDP, then longterm treatment options.
First-line Treatment for CIDP
Corticosteroids, PLEX, and IVIg have proven efficacy for CIDP. In a recent study, up to 80 % of patients responded to at least 1 of 3 first-line therapies [27] . Patients with high relapse rates may become treatment dependent, which leads to a search for factors associated with treatment dependence [40] .
Corticosteroids
Corticosteroids likely exert their benefits via several mechanisms. They act as inhibitors of T-cell proliferation and T-celldependent immunity. They have also been shown to interfere with the activity of cytokines, decreasing the expression of several proinflammatory cytokines, such as interleukin (IL)-1, IL-2, IL-6, and tumor necrosis factor, and increasing the expression of anti-inflammatory cytokines such as IL-4 and IL-10 [41] .
In a historical RCT, corticosteroids were shown to be more effective than no treatment [42] . A recently reported trial compared pulsed high-dose dexamethasone (40 mg/day for 4 days followed by placebo for 24 days; 6 cycles) with standard prednisolone treatment (60 mg/day for 5 weeks and tapering to alternate day doses and then zero over the next 27 weeks) in 40 patients [43] . Twenty-four patients received dexamethasone and 16 received prednisolone. At 12 months, 16 patients were in remission (40 % of patients-10 in the dexamethasone group, 6 in the prednisolone group) without a significant difference between the 2 groups. Most adverse events were minor and did not differ substantially between groups. In long-term evaluation of these patients, median time to relapse ranged from 11 months for oral prednisolone to 17.5 months for pulsed dexamethasone [44] .
In pure motor CIDP, corticosteroids have been associated with clinical increase of motor deficit. In these cases, corticosteroids should not be first treatment option and if they are used, close monitoring for deterioration is strongly recommended [29] .
In summary, although corticosteroids are well documented and inexpensive treatment option for patients with CIDP, the serious complications that may arise during their prolonged use are a major limitation. In addition, some of these side effects (i.e., aseptic necrosis of the head, sepsis) may add substantially to the total cost of this therapy.
PLEX
It has been emphasized that humoral effector mechanisms may underlie or at least participate in the pathogenesis of CIDP. Removal of these pathogenic humoral factors may therefore be responsible for the recovery of nerve conduction velocity in patients with CIDP after PLEX, thereby providing a rationale for the use of PLEX in CIDP. PLEX is therefore a well-established and well-tolerated treatment of patients with CIDP [45] . However, as with corticosteroids, relapses occur in the majority of patients, and PLEX has severe limitations: it is invasive, time-consuming, expensive, and can only be performed in specialized centers, with specific equipment and well-trained teams. For these reasons, the European Federation of Neurological Societies (EFNS)/PNS guidelines concluded that either corticosteroids or IVIG should be considered first. However, the presence of relative contraindications to any of these treatments should favor the use of PLEX [29] .
IVIG
The mechanism by which IVIG exerts its immunomodulatory effect in CIDP is poorly understood. Theories include neutralization of pathogenic autoantibodies by anti-idiotypes, attenuation of complement-mediated tissue damage, saturation and functional blockade of Fc receptors on macrophages, modulation of proinflammatory cytokines/T-cell mediators, and decrease in autoantibody production through the binding of anti-idiotypes to antigen receptors on B cells [46] .
In the ICE study [47] , 10 % IVIG [10 % caprylatechromatography purified immune globulin (IGIV-C)] efficacy and safety has been studied in 117 patients with CIDP enrolled in a randomized, double-blind, placebo-controlled, responseconditional crossover trial. IGIV-C or placebo was given at the initial dose of 2 g/kg, then 1 g/kg every 3 weeks for up to 24 weeks. Absence of improvement in adjusted Inflammatory Neuropathy Cause and Treatment (INCAT) disability score of≥1 point conducted to switch into the alternate treatment in a crossover period. Primary outcome was the percentage of patients who had maintained an improvement from baseline through to week 24 of follow-up in adjusted INCAT disability score of at least 1 point. Patients who showed an improvement and completed 24 weeks of treatment were eligible to be randomly re-assigned in a blinded 24-week extension phase. During the first period, 32/59 (54 %) patients treated with IGIV-C and 12/58 (21 %) patients who received placebo had an improvement in adjusted INCAT disability score that was maintained through to week 24 (p=0.0002).. Similar results were observed during the crossover period. During the extension phase, participants who continued to receive IGIV-C had a longer time to relapse than placebo-treated patients (p = 0.011). Moreover long-term therapy with IGIV-C, showed a maintained improvement in health-related quality of life in patients with CIDP [48] . The PRIMA study [49] confirmed these results with another IVIG 10 % brand.
A Cochrane review recently summarized IVIG studies in CIDP, pointing to an improvement of disability, for at least 2-6 weeks, compared with placebo, and having a similar efficacy to PLEX, oral prednisolone, and intravenous methylprednisolone (see below) [50] .
Despite efficacy, a high proportion of patients with CIDP patients remain dependent on IVIG treatment [40] . This fact justifies the search for new ways of administering IVIG, such as home infusions, in order to maximize the benefits of therapy and render side effects, and social and economic impacts, minimal. In that sense, some studies have reported the use of subcutaneous immunoglobulin (SCIG). SCIG has no established difference in half-life, and is usually given at lower doses and more frequent intervals than IVIG. The consequence is a higher and more stable IgG level, which may prevent end-of-dose reduction in efficacy and minimize side effects [51] . A double-blind, placebo-controlled RCT of SCIG, performed in 30 patients with CIDP who were previously responders to IVIG, showed that there was no significant difference in Medical Research Council (MRC) sum score or grip dynamometry, but there was a significant improvement in isokinetic muscle strength in SCIG-treated patients [52] . Moreover, 70 % of patients preferred SCIG administration. Finally, SCIG seems to be a valid option in extension studies for the majority of patients avoiding the need of repeated hospitalizations [53, 54] . New studies are currently ongoing to get approval from agencies for SCIG use in CIDP and MMN (see below).
In summary, the efficacy and safety of IVIG/SCIG have been documented in several RCTs for CIDP. However, this treatment remains expensive and time-consuming in the long-term.
Comparative Trials
A comparative study has been published [55] , which assessed efficacy and tolerability of IVIG (0.5 g/kg/day for 4 consecutive days) and high-dose intravenous methylprednisolone (IVMP) (0.5 g/day for 4 consecutive days) given every month for 6 consecutive months. This double-blinded RCT was completed in 45 patients (24 IVIG, 21 IVMP). IVMP was more frequently stopped (p=0.0085) because of lack of efficacy, adverse events, or voluntary withdrawal, compared with IVIG. However, after discontinuation of therapy, patients treated with IVIG had a higher frequency of worsening and more frequently required further treatment (p=0.0317). In a follow-up study, the authors looked at the proportion of patients and the duration of relapse after therapy discontinuation with a median follow-up of 42 months (range 1-60 months) [56] . Twenty-four of 28 patients (85.7 %) treated with IVIG worsened after discontinuation of therapy, with a comparable number in the IVMP group (10/13 patients; 77 %). Interestingly, the median time to relapse in the IVIG group was 4.5 months compared with 14 months in the IVMP group (p=0.013) suggesting that, when effective, IVMP may have a longer beneficial effect in CIDP than IVIG.
To summarize, recommendations for the induction of treatment are listed in Table 1 , as good practice points of the EFNS/PNS guidelines [29] .
Long-term Therapy for CIDP
The usual lack of long-term response to the first-line treatments has led to trials of immunosuppressive drugs. To date, no immunomodulatory treatment has proven efficacy for CIDP. However, in clinical practice, these drugs are often used for CIDP. A retrospective observational study including 110 patients refractory to conventional therapies intended to verify if immunosuppressors/immunomodulators (IA) could increase the number of patients with CIDP responding to treatments [57] . Thirty-seven percent of the 110 patients responded to one IA; the rate of response to each IA was 17-38 %, with the exception of interferon (IFN)-β1a, which was not effective in any treated patient. There was no significant difference in the clinical response to the different IAs. Ciclosporin was significantly associated with more adverse events (p=0.01).
Moreover, no relation of IA response was found with either the presence of axonal damage, age at CIDP onset, disease duration, or response to conventional therapies. We selected in the following the main reported results in some trials with IAs.
IFN-β1a IFN-β1a has proven efficacy in the treatment of multiple sclerosis [58] . The immunomodulatory properties of IFN-β1a that are believed to mediate its beneficial effects in MS suggest that it could also be effective in CIDP, leading to a prospective, open-label clinical trial studying the safety, tolerability, and efficacy of once-weekly IFN-β1a (Avonex; Biogen, Research Triangle Park, NC, USA) in a cohort of 20 patients with IVIG-resistant CIDP [59] . It showed an improvement in clinical grading but not in grip strength scores. Then, a large RCT was conducted in 67 patients with IVIGdependent CIDP, followed for 32 weeks, with either 30 or 60 mg of IFN-β1a once or twice weekly [60] . IFN-β1a was not more effective than placebo in reducing the mean dose of IVIG, with 47 % of patients in both groups not needing to restart IVIG after their suspension after 16 weeks of therapy with IFN-β1a. However, the subgroup of patients requiring higher doses of IVIG or with a greater baseline weakness (MRC<51), could significantly reduce IVIG after IFN-β1a compared with placebo.
Methotrexate Other possible immunomodulators to be tried in CIDP include methotrexate (MTX), which is a widely used disease-modifying treatment by rheumatologists, on account of its efficacy and safety profile. A multicentre, double-blind RCT aimed to compare MTX with placebo [61] . Response to treatment was considered if there was>20 % dose reduction in IVIG or corticosteroid. There was no significant difference found between in patients receiving MTX given at 15 mg weekly and those in placebo groups.
Both this study and the study with IFN-β1a showed that a consistent proportion of patients with CIDP are probably overtreated with IVIG or corticosteroids, as therapy could be reduced or suspended without worsening in>40 %. Another issue may be the lack of statistical correction for stable patients with poorly active disease randomized to placebo, or the choice of outcome measures that do not capture some changes in the disease symptoms and signs. Consequently, there is a need to improve outcome measures in future trials (see below).
Rituximab Rituximab is a chimeric (mouse/human) monoclonal antibody against CD20+ B lymphocytes, that was mainly used as a disease-modifying therapy in hematological diseases, and more recently in anti-MAG neuropathy [62] . A retrospective study in 13 patients with CIDP (8 with a hematologically associated condition) showed that treatment with rituximab may clinically improve patients (at least 2 points in clinical scales) or reduce previous necessary therapies (9 patients; 7 with hematological diseases) [63] . This study also pointed to a significant correlation between response and shorter disease duration. It was then suggested that rituximab may be an option, especially in CIDP associated with hematological diseases.
Alemtuzumab Alemtuzumab is a monoclonal antibody against CD52 antigen. Scarce information is reported in patients with CIDP. A study in 7 patients pointed to a prolonged remission or partial response in 4 patients [64] . However, 3/7 patients developed an autoimmune condition (high levels of antithyroperoxidase antibodies in 2 patients, 1 of whom was Table 1 Good practice points for treatment of chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) [29] For induction of treatment 1. IVIG (level A) or corticosteroids (level C) should be considered in sensory and motor CIDP in the presence of disabling symptoms. PLEX is similarly effective (level A) but may be less tolerated. The presence of relative contraindications to any of these treatments should influence the choice (good practice point). The advantages and disadvantages should be explained to the patient, who should be involved in the decision making (good practice point).
2. In pure motor CIDP, IVIG should be considered as the initial treatment (good practice point).
For maintenance treatment 1. If the first-line treatment is effective, continuation should be considered until the maximum benefit has been achieved and then the dose reduced to find the lowest effective maintenance dose (good practice point). 2. If the response is inadequate or the maintenance doses of the initial treatment (IVIG, steroids, or PLEX) result in adverse effects, the other first-line treatment alternatives should be tried before considering combination treatments or adding an immunosuppressant or immunomodulatory drug may be considered, but there is no sufficient evidence to recommend any particular drug (good practice point).
3. Advice about foot care, exercise, diet, driving, and lifestyle management should be considered. Neuropathic pain should be treated with drugs according to the EFNS guideline on treatment of neuropathic pain. Depending on the needs of the patient, orthoses, physiotherapy, occupational therapy, psychological support, and referral to a rehabilitation specialist should be considered (good practice points).
4. Information about patient support groups should be offered (good practice point).
IVIG=intravenous immunoglobulin; PLEX=plasma exchange; EFNS=European Federation of Neurological Societies later diagnosed with Basedow disease, and 1 with autoimmune hemolytic anaemia).
In conclusion, the EFNS/PNS guidelines for maintenance treatment in CIDP are listed in Table 1 . If the response is inadequate or the maintenance doses of the initial treatment (IVIG, steroids, or PLEX) result in adverse effects, the other first-line treatment alternatives should be tried before considering combination treatments, or adding an IA may be considered, but there is no sufficient evidence to recommend any particular drug (good pratice point 29).
An RCT with fingolimod as the IA to be used in CIDP is currently ongoing (FORCIDP study).
MMN
First reported in 1986 [65, 66] , MMN is a very rare disease, with a prevalence of around 0.6 per 100,000 individuals. It is a purely motor neuropathy, characterized by progressive distal asymmetric limb weakness that usually starts and predominates in the upper limbs, with minimal or no sensory impairment. Nerve conduction studies have found multifocal persistent CB, which are the hallmark of the disease and allow MMN to be distinguished from motor neuron disease. The association of MMN with high serum levels of IgM antibodies against the ganglioside GM1 was then reported, together with the positive effects of immunomodulatory treatments [67] .
The abovementioned clinical data and electrophysiologic abnormalities mainly support the diagnosis of MMN, with both of them having been classified as diagnostic criteria in the EFNS/PNS guideline on management of MMN, first revised in 2010 [68] . In addition, the diagnosis may be supported by laboratory and imaging data, as well as immunological features [5, 69] .
In 1 study regrouping 88 patients with MMN [70] , 18 % of patients reported minimal or no disability of the arms [Overall Disability Sum Score (ODSS)=0 and 1), 61 % had moderate impairment of the arms (ODSS=2), and 21 % had severe disability (ODSS=3).
IVIG has been proven by RCT to improve weakness and disability in patients with MMN, and is therefore now considered to be the gold standard treatment of this disabling disease. Consequently, MMN is considered a treatable disease; however, MMN does not respond to some immunomodulatory treatments that are effective in CIDP, and the effect of IVIG on motor symptoms and signs may decline after several years.
IVIG
IVIG remains the treatment of choice for patients with MMN [5, [71] [72] [73] [74] [75] [76] . IVIG is recommended as a first-line therapy, based on a meta-analysis of 4 randomized, double-blind, placebocontrolled, trials [73] [74] [75] [76] , involving a total of 34 patients: 78 % of study participants had a significant short-term improvement in strength, selected as primary outcome measure, following IVIG treatment compared with 4 % following placebo [77] . Another RCT was conducted in the USA and Canada to assess the efficacy, safety, and tolerability of 10 % liquid IVIG in 44 patients with MMN [78] . Patients were randomized 1:1 to either double-blind treatment of IVIG followed by placebo for 12 weeks each or vice versa. Openlabel IVIG was administered for 12 weeks at the beginning and end of the study, for clinical stabilization, and between double-blind periods to prevent a carry-over effect. Mean maximal grip strength of the more affected hand declined 31.38 % during placebo treatment and increased 3.75 % during IVIG treatment (p=0.005). In addition, in 37.5 % of participants, the disability scale (Guy's Neurological Disability Score for upper limbs) worsened during placebo but not during IVIG, whereas the converse was observed in 11.9 % (p= 0.021); 69 % of participants switched prematurely from placebo to open-label treatment because of significant deterioration, and 2.4 % switched from blinded treatment to open-label IVIG (p<0.001). The authors concluded that IVIG was effective in improving both muscle strength and disability in patients with MMN. In line with these results, good practice points for treatment recommended an initial dose of 2 g/kg given over 2-5 consecutive days [68] , and, if effective, followed by maintenance therapy, ideally 1 g/kg every 2-4 weeks or 2 g/kg every 1-2 months (Table 2) . Limitations in long-term IVIG therapy are the adverse side effects, mainly thromboembolic events; anaphylactic reactions, which may occur in patients with selective IgA deficiency and anti-IgA antibodies; renal tubular necrosis, which may be prevented by detection of pre-existent renal disease and correct hydration; and possible difficulties with venous access.
In the majority, MMN has a chronic slowly or stepwise progressive course. Therapies aim to reduce motor deficit along with CB, slow down ongoing axonal degeneration, or even promote reinnervation and remyelination. However, a Table 2 Good practice points for treatment of multifocal motor neuropathy (MMN) [68] 1. IVIG (2 g/kg given over 2-5 days) should be the first-line treatment (level A) when disability is sufficiently severe to warrant treatment.
2. Corticosteroids are not recommended. 3. If an initial treatment with IVIG is effective, repeated IVIG treatment should be considered in selected patients (level C). The frequency of IVIG maintenance therapy should be guided by the response. Typical treatment regimens are 1 g/kg every 2-4 weeks or 2 g/kg every 1-2 months. 4. If IVIG is not sufficiently effective then immunosuppressive treatment may be considered. However, no agent has shown to be beneficial in a clinical trial and data from case series are conflicting.
5. Toxicity makes cyclophosphamide a less desirable option.
IVIg=intravenous immunoglobulin minority of patients achieve prolonged remission upon treatment, and most patients need treatment for years. Several long-term retrospective studies have assessed this issue in the last few years. In the first [79], the authors performed a long-term follow-up of 11 patients with MMN, who were treated initially with 1 full course of IVIG (2 g/kg), then 0.4 g/kg every week, followed by maintenance therapy of 1 infusion every 1-7 weeks. During the 4-8-year follow-up period, patients were assessed by MRC sumscore of 20 muscle groups, and some disability scales. Muscle strength improved significantly within 3 weeks of the start of IVIG treatment and was significantly better at the last follow-up examination than before treatment, even though it decreased slightly and significantly during the follow-up period. CB disappeared in 6 nerve segments but new CB appeared in 8 nerve segments during the follow-up period. The authors concluded that IVIG maintenance therapy had a beneficial long-term effect on muscle strength and upper limb disability but may not prevent a slight decrease in muscle strength. Similar results were found by other authors who reported follow-up in 10 patients with MMN responding to an initial course of IVIg with periodic infusion for 5-12 years (mean 8.2 years) [80] . At the last follow-up, only 2 patients had maintained the maximal improvement achieved during therapy, while 8 worsened despite the immunoglobulin dosage. This decline started after 3-7 years (mean 4.8 years) of therapy and correlated with a reduction of distal compound muscle action potential amplitudes. However, another study reported significant and sustained improvement in muscle strength (assessed byMRC score in 8 muscle groups) [81] , disability (assessed by Modified Rankin Score), CB, and signs of axonal degeneration on electrophysiological studies in 10 patients with MMN, with a follow-up of 3.5-12.0 years (mean 7.3 years). The authors concluded that long-term IVIG therapy improved muscle strength and functional disability, decreased the number of CBs and the extent of axonal degeneration, and promoted reinnervation. The difference from previous findings may be explained by the different regimens in giving IVIG, the patients in this last study being treated with significantly higher IVIG maintenance doses. In a retrospective study in 40 patients with MMN [82] , we found that, within a mean follow-up of 2.2± 2.0 years, only 8 patients (22 %) had significant remission, defined as lasting stabilization of clinical improvement> 6 months, without further treatment after initial IVIG therapy during at least 6 months, whereas 25 patients (68 %) were dependent on maintenance IVIG infusions to stabilize their motor condition. Last, a recent retrospective study of 88 patients with MMN [70] , within a mean follow-up of 6 years (range 0-17 years), found that 67 patients (76 %) received IVIG maintenance therapy at the time of the study, while 17 patients (19 %) did not use maintenance treatment for several reasons, including lack of beneficial effect (5 patients), and stable disease course without treatment (8 patients). Thirtyfive (40 %) patients had unsuccessfully used other immunomodulators, mainly IFN-β and mycophenolate mofetil (MMF).
Subcutaneous Immunoglobulin
The limitations for IVIG led to investigation of immunoglobulin maintenance therapy by subcutaneous administration. A randomized, single-blinded, crossover study was conducted in 9 patients responsive to IVIG and assessed by the dynamometric strength of affected muscles and the SF-36 quality-oflife questionnaire [83] . IVIG and SCIG were equally effective, the mean change in muscle strength after SCIG being 3.6 % versus 4.3 % after IVIG. One patient presented sustained erythema and edema at the injection sites for a few weeks, but all other adverse events with SCIG were mild and transient. After the study, 5/9 patients preferred continuation with SCIG. Another open-label study conducted in 10 patients similarly found that SCIG therapy was feasible and safe and maintained strength as well as IVIG [84] . Finally, a 2-year follow-up study was reported by the authors of the first study in 6 patients with IVIG-responsive MMN [85] . The dosage of SCIG varied between 13 and 51 g per week, corresponding to a volume of 80-320 ml, infused twice or three times weekly.
No major side events were reported, including local mild and transient skin reactions. The impairment and disability scores remained stable. Other trials are currently ongoing with SCIG for use in MMN.
Other Immunosuppressant and Immunomodulatory Agents
Corticosteroids and PLEX, which are effective in CIDP, have been reported not to be efficacious in most uncontrolled studies and therefore are not recommended for use in MMN, as they may lead to worsening of the motor condition [68] . However, some patients with MMN do not respond to IVIG, and others require progressively more frequent doses to maintain remission, or have involvement of new motor nerves, despite periodic IVIG infusions. Therefore, there is a need for searching for alternative or adjunctive immunosuppressive therapies [86] . The recommendations of the EFNS/PNS guideline are listed in Table 2 [68] . Among possible alternative/ adjunctive therapies, cyclophosphamide and MMF have been the more frequently proposed. In addition, eculizumab has been tried as a specific immunomodulatory agent.
Cyclophosphamide
Several uncontrolled studies, including the historical study [67] , have suggested the efficacy of cyclophosphamide as an alternative therapy. However, the EFNS/PNS guidelines concluded this immunosuppressor to be a less desirable therapeutic option, mainly because of its toxicity and lack of evidence of efficacy [68] . As an adjunctive treatment, only 1 uncontrolled study showed a reduction in the frequency of IVIG infusions in 6 patients [87] ; however, 3 patients presented severe side effects.
MMF
A randomized, single-centre, placebo-controlled, "add-on" study of MMF 1 g twice a day for 1 year was conducted in 28 patients with MMN [88] . The results failed to show any significant dose reduction in IVIG, nor any difference in muscle strength, functional scores, or IgM anti-GM1 antibody titers between patients having received MMF or placebo.
Eculizumab
The rationale of the treatment with this original immunomodulator is linked to the fact that several experimental studies showed that the pathogenic effect of anti-GM1 antibodies is complement mediated; consequently, inhibition of complement factors may prevent nerve damage. The monoclonal antibody eculizumab binds and neutralizes human complement factor C5 preventing terminal complement activation and membrane lysis via membrane attack complex. Its safety and efficacy has been proven in complement-mediated diseases, mainly paroxysmal nocturnal hemoglobinuria. An open-label clinical trial of eculizumab treatment for 14 weeks was conducted in 13 patients with MMN (in association with IVIG in 10) [89] . The results disclosed a trend towards an improvement in patient-rated subjective scores and increased muscle strength as measured by myometry. In electrophysiological studies, there was a small yet significant net decrease in the median percentage CB across all nerves studied. The authors concluded there was a small treatment effect occurring in some patients that appeared supplementary to an independent of the IVIG treatment effect, and occurred more frequently in patients with higher baseline motor function. This novel trial raises new questions for further research concerning the use of complement inhibitors in the treatment of MMN.
Anti-MAG Neuropathy
Within the spectrum of chronic immune-mediated neuropathies, demyelinating neuropathy associated with IgM monoclonal gammopathy and antibodies against MAG is a distinct entity that typically presents with progressive sensory ataxia and painful paresthesias [90] . Patients present with a striking immunochemical profile, suggesting the possibility of an autoimmune mechanism: monoclonal IgM recognizes a carbohydrate MAG epitope, which is shared with a number of other glycoconjugates involved in cell adhesion, including the Po glycoprotein of myelin, peripheral myelin protein-22, sulfated sphingolipid, and other related glycolipids. The disease may progress slowly over many years in some patients, whereas others develop significant disability mostly due to dysesthesias and ataxia.
There is insufficient evidence from most pilot studies or RCTs on IgM anti-MAG demyelinating neuropathy to recommend any particular immunotherapy [91] . Efficacy of rituximab has been supported by uncontrolled studies [92] [93] [94] [95] . In a first RCT conducted in 26 patients [96] , intention-to-treat analysis showed improvement after 8 months in 4/13 patients treated with rituximab and none of the 13 patients on placebo (p=0.096) Excluding 1 patient randomized to the rituximab group who had a normal INCAT score on inclusion, and could not therefore improve, the results were significant (p=0.036). Another RCT, the rituximab versus placebo study in polyneuropathy associated with anti-MAG IgM monoclonal gammopathy (RIMAG study), involved 54 patients enrolled in 9 centers: 26 patients in the rituximab group (4 weekly infusions of rituximab 375 mg/m 2 ) and 28 patients in the placebo group [62] . The results showed no significant changes in the INCAT sensory sum score, selected as the primary outcome, between rituximab and placebo groups at 1 year, in both intention-to-treat and per-protocol analyses. However, significant changes were observed in per-protocol analysis for the INCAT disability score, the self-evaluation score, and 2 subscores of the SF-36 questionnaire. Unless uncontrolled, some interesting results have been reported with either higher doses of rituximab or combined therapies [97] [98] [99] .
Improvement in Assessment of Dysimmune Neuropathies for Clinical Trials: Outcome Measures
The selection of outcomes measures for use in clinical trials is a challenge for dysimmune neuropathies. The outcome measures should cover deficit, disability, impairment, and quality of life. They should be simple, valid, reliable, and responsive, and correlate with disease severity. A workshop organized by the European Neuromuscular Centre was held in 2013 and edited recommendations for GBS, CIDP, monoclonal gammopathy of undetermined significance-related polyneuropathy, and MMN, most of them being selected from the peripheral neuropathy outcome measurement standardization (PeriNomS) study [100] . It pointed out a better evaluation of data analysis with the Rasch method, which enables a transformation of ordinal data into interval metric data, increasing the level of precision in the assessment. The Inflammatory Rasch-built Overall Disability scale offers the promise of being a more sensitive measure and is highly recommended in future trials involving patients with GBS and CIDP [101] .
Conclusion
This overview aimed to summarize past issues in improving the treatment options for GBS, CIDP, MMN, and anti-MAG neuropathy. They have been outlined in Table 3 . The challenges for the future are mainly: 1) to look for potential new biomarkers for diagnosis, including autoantibodies, in line with defined subsets of the disease; 2) to improve the outcome measures for clinical trials, with specific attention to disability scales, mainly the Inflammatory Rasch-built Overall Disability scale; 3) to develop animal models as there is a lack of consistent data in this field; 4) to test a second IVIG dose in GBS and new immunomodulatory/immunosuppressive agents in the long-term treatment for CIDP, MMN, and anti-MAG neuropathy.
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